Background: Family caregivers (FCs) are critically important for patients with cancer, yet they may experience psychological distress related to caregiving demands. We sought to describe rates of depression and anxiety in FCs of patients with incurable cancer and identify factors associated with these symptoms to determine those at greatest risk for psychological distress.
Additionally, caregiving may result in psychological symptoms, such as depression and anxiety [8] . The burdens of caregiving may not only have detrimental effects on FCs' quality of life (QoL) [9] , but also compromise the ability of FCs to provide the necessary assistance to their loved one [10] . Thus, FCs of patients with cancer are at-risk for experiencing emotional distress related to their caregiving responsibilities, and efforts to determine factors associated with this distress are needed in order to identify those at highest risk.
Although FCs may experience considerable psychological distress, research identifying salient factors associated with FC depression and anxiety are lacking. Characteristics related to both the FC and the patient likely play a role, including demographic factors such as their age and gender, but more specific risk factors for FC depression and anxiety are largely unknown [6, 9, 11] . Additionally, studies suggest that patients' prognostic understanding and coping strategies correlate with their psychological distress, yet the relationship between these patientreported outcomes and FC psychological distress remains unclear [12] [13] [14] . To develop effective interventions targeting FC psychological distress, we need to better understand the factors associated with FC depression and anxiety.
In the present study, we sought to describe rates of depression and anxiety symptoms in FCs of patients with incurable cancer and identify factors associated with FC psychological distress. By studying the relationship between FC psychological distress and characteristics of both the patient and FC, we hope to identify those who may benefit from targeted interventions focused on addressing FCs' distress.
methods
We performed a cross-sectional analysis of baseline data from a randomized, controlled trial of early palliative care integrated with standard oncology care versus standard oncology care alone that enrolled patients newly diagnosed with incurable cancer and their FCs. For the current study, we analyzed data from both arms of the trial, but participants completed baseline measures before patient randomization and notification of study arm allocation. Study staff subsequently obtained clinical data from the medical record. The Dana Farber/Harvard Cancer Care Institutional Review Board approved the study protocol.
participants
All of the medical oncologists in the thoracic and gastrointestinal (GI) oncology clinics at Massachusetts General Hospital Cancer Center (Boston, MA) agreed to approach, recruit, and obtain consent from their patients. Study staff screened all patients presenting to the thoracic and GI oncology clinics and notified the treating clinicians via email regarding patient eligibility. For any patients not enrolled, study staff contacted the clinical staff in order to document reasons for study refusal.
Patient eligibility included: (i) incurable lung or non-colorectal GI cancer diagnosed within the previous 8 weeks; (ii) no prior therapy for metastatic disease; (iii) an Eastern Cooperative Oncology Group (ECOG) performance status of 0-2; (iv) age ≥18 years; (v) plan to receive care at the participating institution; and (vi) the ability to read and respond to questions in English or with minimal assistance from family or an interpreter. We excluded patients who were already receiving consultation from the palliative care service, needed immediate referral for palliative care or hospice, or had significant psychiatric or other comorbid illness that the treating clinicians felt prohibited informed consent or participation.
To identify patients with incurable disease, study staff reviewed clinical documentation in the electronic health record. If clinicians replied to the eligibility email that the patient was being treated with curative intent, we considered the patient ineligible for study participation. At the time of written informed consent, we asked study patients to identify their FC (e.g. relative or friend) upon whom they rely for help and who would likely accompany them to clinic visits. We invited this person to participate in the FC portion of the study. We did not exclude patients without an FC from participation in the trial, but for the current study, we limited our analyses to only the patients with a participating FC. FC eligibility included: (i) age ≥18 years; and (ii) the ability to read and respond to questions in English or with minimal assistance from family or an interpreter.
study measures
FCs self-reported their age, gender, race, ethnicity, religion, employment status, education level, presence of dependent children, their relationship status, whether they live with the patient, and their relationship to the patient. Patients completed a demographic questionnaire that included their race, ethnicity, religion, relationship status, income, and education level. We reviewed patients' electronic medical records to obtain information about their age, gender, cancer diagnosis and stage, ECOG performance status, and cancer therapy.
We measured FC and patient depression and anxiety symptoms using the Hospital Anxiety and Depression Scale (HADS), a 14-item questionnaire that contains two 7-item subscales assessing depression and anxiety symptoms during the past week [15] . Scores on each subscale range from 0 to 21, with scores higher than 7 denoting clinically significant depression or anxiety.
We assessed FC QoL using the Medical Outcomes Study 36-item Short Form Health Survey (SF-36), which provides a mental component summary and physical component summary (PCS) [16] . Higher scores for each component summary indicate better QoL. Additionally, we assessed patients' QoL using the Functional Assessment of Cancer Therapy-General (FACT-G) [17] . The FACT-G contains 28 items with subscales assessing well-being across four domains ( physical, functional, emotional, and social) during the past week, with scores ranging from 0 to 112, and higher scores indicating better QoL.
We administered the Brief COPE to assess patients' use of different coping strategies. The Brief COPE is a 28-item questionnaire measuring 14 coping methods with two items for each method [18] . To minimize questionnaire burden for participants, we limited our assessment to the following seven coping strategies which we felt were most appropriate for our study population: active, denial, emotional support, behavioral disengagement, positive reframing, self-blame, and acceptance. Scores on each scale range from 2 to 8, with higher scores indicating greater use of that particular coping strategy.
To understand perceptions of prognosis, we used an item with established content validity, asking patients to choose the primary goal of their current cancer treatment from the following options: 'to lessen suffering', 'to be able to keep hoping', 'to make sure I have done everything', 'to extend my life as long as possible', 'to cure my cancer', 'to help cancer research', and 'other' [12] . Consistent with prior work, we considered the response 'to cure my cancer' to denote inaccurate prognostic understanding.
statistical analysis
We calculated descriptive statistics to analyze the frequencies, means, and standard deviations (SDs) of the study variables. We compared rates of clinically significant depression and anxiety symptoms (HADS subscale scores >7) between FCs and patients using McNemar's test. To identify potential factors associated with FC depression and anxiety (including both FC-and
original articles Annals of Oncology patient-related factors), we used multivariable linear regression modeling with purposeful selection of covariates [19] . We pre-specified the inclusion of age and gender regardless of their significance level into the models, given their known association with depression and anxiety [6, 11, 14] . We then tested the associations between FC-reported HADS-depression and both FC-related and patient-related factors, including sociodemographic, clinical, and self-reported factors. We incorporated covariates that were associated at a significance level <0. 10 (Figure 1 ). However, a greater proportion of FCs reported anxiety symptoms compared with patients (42.2% versus 28.4%, P < 0.001).
Using linear regression, we observed associations between FC depression and both FC-and patient-related factors (Table 2) We also found associations between FC anxiety and multiple FC and patient factors (Table 3) 
discussion
We found high levels of depression and anxiety in patients with incurable cancer and their FCs. Notably, the rate of anxiety in FCs exceeded that of the patients. Additionally, we are the first to demonstrate how patients' coping strategies relate to FCs' psychological distress. Importantly, we also discovered a novel association between patient prognostic understanding and FC depression. Collectively, our findings highlight the substantial emotional morbidity experienced by FCs of patients with incurable cancer and help identify those at greatest risk for psychological distress who may benefit from targeted palliative care and psychosocial interventions.
Nearly half of the FCs in our study reported high rates of anxiety symptoms, a significantly larger proportion than the patients. Patients in our study were newly diagnosed with incurable cancer, which may help explain why FCs reported such high anxiety rates. Soon after diagnosis, family and friends are thrust into their new caregiver role with little preparation [3, 20] . This lack of preparation may result in low confidence in their caregiving ability and anxiety related to the uncertain future demands of the FC role [20, 21] . Additionally, patients with incurable cancer often experience high symptom burden which may place added strain on the FC [7, 21, 22] . To better understand the nature of FC anxiety, investigators should explore the relationships among FC psychological distress, caregiving self-efficacy, and the patients' symptom burden [23] . FCs represent a vulnerable population, at particularly high risk for psychological distress. Thus, interventions targeting FCs' anxiety earlier in the patients' disease course may prevent ongoing FC burden and enhance their ability to provide assistance to the patient.
To our knowledge, this is the first study to show that patients' coping strategies are associated with FC depression and anxiety. Notably, emotional support coping by the patient was associated with higher FC depression, yet less anxiety. The items assessing emotional support coping ask patients to report if they are getting emotional support or comfort and understanding from someone [18] . FCs in our study likely represent those to whom the patient is referring when responding to these questions. Thus, FC provision of emotional support to the patient may help relieve FC anxiety and worry, but also engender a sense of sadness related to their loved one's life-limiting illness. Provision of emotional support is an important component of the FC role, and to fully understand this relationship between patients' use of emotional support coping and FC depression and anxiety will require further investigation. We also demonstrated that patients' use of acceptance coping was significantly associated with lower depression in FCs. While this finding supports the adaptive nature of this coping strategy, it also suggests that patients' use of adaptive coping strategies, such as those that are more positive or constructive, may improve both patient and FC outcomes [24] . By understanding the relationship between patients' use of certain coping strategies and FC psychological distress, we can begin to design interventions that encourage patients to utilize more adaptive coping mechanisms. Interestingly, we found a novel relationship between patients' prognostic understanding and FC depression. Specifically, patient report that their primary goal of their current cancer treatment was 'to cure my cancer' was significantly associated with worse FC depression. This finding is hypothesis-generating and suggests that overly optimistic patient perceptions of prognosis may contribute to FC depression or vice versa. Additionally, nearly one-third of patients chose this treatment goal, thus indicating high levels of inaccurate prognostic understanding in this sample of patients with incurable cancer. Research suggests that both patients and their FCs desire honest prognostic disclosure, and our findings further support the importance of discussions to ensure accurate prognostic understanding among patients with incurable cancer [25, 26] . Until now, no studies had investigated how cancer patients' prognostic understanding influences FC depression and further work is undeniably needed to better understand the mechanisms underlying how patients' prognostic understanding relates to FCs' psychological distress.
Several limitations of our study warrant discussion. First, we carried out this study at an academic cancer center with a patient and FC sample lacking racial and ethnic diversity. Secondly, we did not collect information about patient or FC use of additional services, such as social work, financial, or mental health services, which may affect FC distress. However, we collected these data early in the patients' disease course, thus participants were unlikely to have received these services. In addition, our analyses do not account for patient and FC mental health history. Thirdly, as this is a cross-sectional analysis, we cannot confirm the directionality of the associations we found. Fourthly, to understand patients' perceptions of their prognosis, we asked them to choose the primary goal of their current cancer treatment, rather than other potentially related constructs such as an estimate of their life expectancy. Further, patients in this sample were only recently diagnosed with incurable cancer and patients' perceptions of their prognosis may change over time. Additionally, we did not collect information about other strategies that this patient and FC population may use to cope with illness (e.g. religious coping or substance use). Finally, this study lacks information regarding the change in FC psychological distress over time and how the factors associated with this distress vary throughout patients' cancer course. Further investigation is needed to assess the longitudinal trajectory of FCs' psychological distress, as their needs and those of the patient likely change as the disease progresses.
In summary, we demonstrated that patients with incurable cancer and their FCs experience high rates of depression and anxiety symptoms, with FC anxiety levels exceeding those of the patients. Importantly, factors associated with FC psychological distress include characteristics related to both the FC and the patient, highlighting the need to design interventions that target both of these groups. Additionally, patients' coping strategies and prognostic understanding are associated with FCs' psychological distress. Notably, these are potentially modifiable factors for clinicians to consider when addressing patient and FC depression and anxiety. Future efforts to address the substantial psychological distress experienced by FCs of patients with incurable cancer and meet the needs of this vulnerable population are warranted, ideally accounting for both patient and FC factors.
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